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COMPLETE SPECIFICATION 
bnptovement in Preparatton of Halogenated Olefinea 



We;, XJmovt CmnsB and Casboh Cor- 
POHATMW, of 3o,East42ttd Str€«a,Ncw Ywk, 
<^ State of New YotIe, United States of America, 
a Cozparadan orgaaised nndet the la:vs d 
5 the Slate of New York, United States of 
America (Aasisaccs of Jakbd WTLsas CXm, 
a Cinzcn of the United States of America, 
tedding at 649, Smith Road, Gharleston, Stale 
of West Virginia, United States of America), 
10 do hereby dedare the inventian, which 
we pray that a patent may be granted to ns^ 
and the m^hod by yMck it b to be pcc- 
£ami^ to be paxticolady descxibed in and 
by the following stadEOxm:^ 
IG This inraitioo relates to an mqsroTcd 
process for making dilototriflixiroeihylene 
from i:i:2-iiidJofo-i:2:2^triftnoicthanc 

It is known that polydtiloroflaaroalkanes 
can be dcdilarinated widi zinc to yieW 
20 chlon^uDToalkcncs, (Locke et id, J.A.C.S, 
(1934)^ VoL sfir page 1726)- rSiKb rcactio^ 
nay be used to d^udogcnaie coomimds 
having one or more chlorine or bromine 
atoms <m adjacent carbon atoms. The 
25 ddorine or bromine aioxos are jemored in 
pairs, with one atom of zmc being required 
to ^ect the zemoval of each pair. Thus, the 
decUoiination of trichlorolrifluoroethane by 
this known proceaa resnlts in die prodnflson 
30 of line diloride as a by-jproduct in an amonnt 
greater fhgn that of theciesired dilorotriflaoro- 
etfa^ene. This zinc chloride is prodnccd in 
the form of an aqocoos solution and operating 
on a large scale, the disposal of this large 
S6 amonnt of by-prodnct would coosttete a 
difficult ami serious problem since t he re^ 
generation of the zinc off the recoyery of the 
chloride is not commercially practicable. An 
af^rt^f^nlMT disadvantage is that such reaction 
40 must be carried out nndcr pressure, in die 
Uqnid phase. 

It is also known that halogens can be 
removed from halogenated organic com- 
nonnds in the presence of hydrogen and this 
46 rcactaon has been applied as a quantjatwe 
procedure for the determlnatiQn dr the 
!momit of halogen present Sabader ai^ 
M>iHe (Com ptes Rendu (X904)> ^3*» 



page 407) hare desoibed the reaction of 
hexachltffoethane and hydrogen over a nickel 60 
catalyst with die formation d perchloro- 
ediylcne and hydrogen chkride. As f^ as is 
known, bowevcr, it was not ooosidered thai 
one halogen coold be removed prefer endaHy 
in the presence of anodier halogen* 55 

'nie present itiventian is based on the 
covery that ddorine can be removed prcferen-* 
tially from i:2t2-4richloro-z:2:2^tzifliiofo- 
ethane vx the presence of hydrogen to fonn 
chlorotrifliioroedi;0ene in ^od ^Le3ds and 60 
effidendes. Hydrogen cfalonde is famed as 
a by-product. The reaction 2a JUnstxated by 
die fdlowing equation; 

CajPCaF. + BL, COF-CF. + aHa 

The reaction can be carried out by passing 6& 
a mixture of i;ip-iiichloro-i>ip-lrifinoro- 
ethane .and -hydrogen -throu^^ .. a., reactor -or . 
cptrp^TtpT namfiimgd at an devated tcn^cnh 
ture;. The reactor can be a leD£:th of tube 
made of nickd or stainless sted, for instance^ 70 
which can be unfilled, or charged with a 
catsdyst as hereuiaftcr described. It can be 
cxienially heated by known expedients, as by 
immersioii in a hrated salt bath, fc^ instance, 
OK by an ricctrical resistance. The vapours 75 
issuing from the reactor can be coUcctpd by 
cooling ^twi con^nsatiaa, after having first 
been washed 10 remove the hydrogen moride, 
and dried. 

Far high e&iendes, die reacdon is best 80 
catried out over nickdl, cobah, copper, 
platinnm, paDadiam or acttvated carbon as a 
catalysL Of dies^ nickd is pre£erred.^ The 
catalyst can be in the fonn xk fody divided 
metal, as for instance nirkd, and pressed into 85 
pellets, or the catalyst in findy divided form 
can be deposited on a support Altemati7dy» 
'die catalyst can be used hi the fonn of its 
salts on a siqipart, as for instance nickg 
chloride on graphite or activated carbon. 90 
V Shnilady, the cAaix^ copper, pHtfrrmm and 
palhtdiam can be employsd m the form of 
the metal or their salts. 
In non-catalytic operations, the reaction 



PAGE 6/17 • RCVD AT 2/28/2005 5:49:18 PM [Eastem Standard Tlmel • SVR:USPTC«FXRF-1I3 • DNIS:8729308 - CSID:5098383424 • DURATION <niili-ss):06^ 



02/28/2005 14:49 FAX 5098383424 



WELLS ST JOHN PS 



ia007/017 



698,386 



10 



am caixied oat u a tempetatsre between 
450* C and 650* C A temperature widiia 
the laqge of 450* C to 575" C is preferred. 
AtDef^pentores bdov 450° C in the absence 
of a c&lalysti the yidd tends to fiiU off to 
abont 5 to zo p9 cent Ac tempmtiires 
above 575* a shorter reaction time is 
required riian at lower temperatures in order 
to fntnimm lo$ses doc tD polymex forma rion 
and decomposition to tnuoorocth^cne and 
free carbcm. The f amatkai of polymer and 
free carbon results in a depodt on the walls 
of the reactor which» if aUowed to aoooxna- 
Jate» would cTentoally ofiier eKcessive xcsist* 
15 ance to the flow of gas duoq^ the xeactor 
and to the transfer of heat dirong^ 'the tnbe 
walL The dqiodt is hard and a^iercs finnly 
to the tnbe walls but it can readily be re- 
moved by burning oat with m and wiih 
20 uiygOL , 

The xatio of hydrogen to i :i:2-tncalQro< 
z:2:2^cci&xoroeduine is not cciticaL At a 
ratiD of 075 mol of hydrogen per inol of 
i:i:>-izkiiloro-x:2:2-4zifiuoroediane it is 
25 possQile to react praoically all of the hydrc^ 
' gen ^duch farilitaTrs l e ur very of the tihkvo- 
tdfioofoethylene and nnzeactcd tdchloro*- 
tnfinaroethzne. Increasing the prcparpon of 
hydrogen incteasea die yidd of dUoiptiiiluoio- 
3Q ethylene but die lasses doe to die fom mtfco 
of carbon and tiifliBOiocdi^leaB also faicrease- 
A ratio of from Q.75 to 3 mdls of hydtckgea 
per a»l of i:z:2-ttidilor(Hz:2:2-iri8iiortH 
ethane is pre f e rr ed. 

Losses due to the formation of carbon and 
tuflucRocdi^ene can also be tnhihnfaed by 
enqdoying lower tempera tores to effect lower 
sxDgje pass yields. In— general,= optiimjm 
efficiencies are obtained whoi die single pass 
yields are In die range of 20 to 40 per cen^ 
based on the z:T:2-tx3d]loro-x:2:2-trifiuan>- 
ethane. 

ReactiDn temperatures used widi catalysts 
are lower tfaan diose used m jum-catalytic 

^ <n)etations. The actual medianism of the de- 
chlorinathm reaction is not knowiL It may 
be that the catalyst metBl reacts to form the 
metal chloride which then reacts with the 
hydi u g e n to gjve Lydiog e n diloride^ with the 

60 free xnetal beii^ regenerated and the cycle 
repeated. In & presence of a catalyst 
reaction tenrperaiures of 400** C. to 475* C 
are preferred. Howeyer, temperatures be- 
tween 375** C and 525"" C can also be used- 

55 ApgrcaaiAe removS of chlorine may be 
effected at teasperatores as low as 200' C 
widi an acdve catalyst bttt at this low tem- 
perature die rcdncdoQ of metal halides is 
very slow and the metal catalyst tends to be 

60 converted to the less active metal chloride 
and fliiodde. At temperatures above 475* C 
die CB&dytic reacdon tends to become less 
fl^fnt The temperatnre of 475" C approad- 
mates die pracdcable x^^^er limit for efficient 

65 operatibn. Usahile temperatmies range up to 



35 



40 



523' but for these higher temperature 
ranges a somewhat shoner contact time is 

The invcodon is more panicolarly de- 
scribed in die iollawing examples: 70 
EXAMPLS z. 
A mixture of 739 pans by weight (3.95 
mols) <^ i:z:2-trkiuan)-i:2:2-txifluaro* 
ethane with hydrogen in a md ratio of 
appropmatdy i to 3 was passed throxigh an 7^ 
dectrically heated tnbe maintained at a tem- 
pcramre of 410* C to 478* C The tobc 
which was made of stainless sted was three 
feet long and had an inside diamptrr of one 
inch. &was diaz^ged wiA 461 grams of nidce] 60 
catalyst in pdks form- The space vdodty 
was approuinatdy 3^ litres per litre of 
catalyst per hoar. 

The reaction gases from the tnbe were 
passed &st through a water scrubber whcte 8^ 
hydrogen chloride and hydrogen flaondc 
were removed* and then dried in a gaignwn 
dUoride drying tower. The produa was con- 
densed from the dried gas by means of a 
series of cold ^traps coded by a sohnicai of ^ 
solid carbon dioande and acetone and a final 
trap cooled by liquid nitrpgcn. The excess 
faydrugen excsthig from the nluugeu-cooled 
trap was vented dirough a gas meter. 

Distillatian of., the rMt\pnt-%t^_ ^^4l K tM in 9^ 
die cold trap yidded 209 puts of a ddoro- 
tnflnoroctlcyieoe fracdon boiling at -30* C 
to -26* C and having an apparent mde- 
cnlac we^t nf TI8.5 based on vapour 
den^ty decermhiations; as coosparcd widi die 
boiling pomt of — 27.9" C given in literatm'e 
(StiiOy Ihd. Eng. Chem^ Vd. 39^ page 518; 
?W7) atid a calcnlaicd xnolecular woght of = - 
1x6.5. There was obtained also r6 parts of 
a txifluoroetlq^ene fraction booling at -55* 
C to ' 50* C. and having an apparent mole- 
cular w«^t of S84 based oh vapour density 
detecnunations; as compared widi the boiling 
point of -51* Cgiven in fiteratnreCSwarts, 
Chpm 2^entr. page aSi; 1899% ^ calcn- 
lated molecular we^gjit of 82.0. A third frac^ 
don amoondng to 45 pam of material boQing 
above 40* C was Ivgdy piireacted i;x!2- 
tridilaro- 1:2:2- trtfluoroethane. The total 
production of cb]on)trifi(X3roethyIene was 240 
parts oHresponding to a yidd of 52.1 per 
cent. The dBdency was 55.8 per cent. The 
yidd of niflnoroctfa^ene was 5.1 per cent 
with an rffirimry ol 5.4 per cent. 

Example 2- ^0 
A mixture of r;z:2-trichlonKi:23-tii6uGro- 
ethane and hydrogen in a md ratio of about 
I to 1-3 was passed throng a reactor main- 
tained at a temperatnre of about 425* C to 
480"" C The reactorwas a stamless sted tube 12-~i 
as in Esamjde z, charged with 100 mini* 
litres of a catalyst made by evaporadng to 
dryness an aqueous sdodon of 364 gtams of 
nidkd diloride {Kia.6ILO) on 300 milli- 
litres (135 grams) of acu^ted carbon peDcts 130 
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wJuch are small enone^ to pass diroogh a 
mesh having opcoings of 3/16 ol an mdi bat 
large enoo^ to be retained on a nesii with 
opeDings of iof aoindL The space Tdodty 
5 ma 1540 litres per litre of catalyst per hour. 
The reactiffli gdses 'vrete washed, dikd and 
the reactian product candeosed and collected 
as in Example j. Upon dfsriltarinffi of the 
condfTifatr there was obtained 258 parts t£ 

10 a chloroHifittoroedLylene fracdon bomog be- 
twoen -30* to ->20* C and 40 parts at a 
trifiuoroeth^enc fracticia bcoHng bdow - 30* 
C The estimated effidency id dilnotrifiuoro- 
eih^ilene based on the tticidcKOtnflaotoethane 

15 was 75 per cent 

EX&MFIB 3. 

A oizture of 2177 parts fay wdg^ of i : 
i:2-trkhlaFo-i:a:a-triftiioroetfaaiie with 
hydrogen in a xhqI ratio of about i to 14 

20 was paesed dodog a five hour period duoogh 
a reactor maintained at a temperature o£ 400* 
C to 500' C The reactor was a stamless 
s trri tnbcs as in Bnnple Xj charged with 
200 milHUirts of a catatjist made by cvaporat- 

25 mg' to dryness an aqueons scdution 140 
grams of cobodt chknide (CoCiiJSHjy) oq 
300 mHiOitrcs of activated carbcm pdlets. 
. The space vdocxty was 670 litres per litre of 
catalyst per bout. 

30 Hie ruction gases were washed, dried and 
the reaction pcodoct condensed and coHectmi 
as in Czam^Ie x. rxpon HSotniing riw oon** 
densate dicre was msined 249 parts of 
ddarotrifluoroethjlene. The yield was 18.5 
per cent and tiie effickncy 63^ per cent 
based on the triddarotzificioroedsane^ 

Example 4. 
" A mbrtnre of 685 pais by TOght of i : i : 2- 
tridiloro-i : 2 : 2-tZ3Ch]oioethane and hydiogea 
in a mGl ratio of x to 2.5 was passed through 
a reactor maintained at a temperature <£ 
about 400*" C to 425* C dnring a period of 
diree hours- The reactor was a staiiucBS steel 

^tttbe as in Eumple x. It was filHiginil widi 

^ 200 maiilitres of a catalyst made as foOows: 
A aolutioD of X35 grams of cuprous dilonde 
in 320 grams ii hydrochk^ add was 
evaparated to dryness on 300 mOlititres (135 

^ grams) of activated carbon pellets which are 

^ small enooeh to pass iluoo^^ a TTi^h havmg 
opeoings 0I3/16 of an inch but large enoQgh 
to be retained on a mesh with openings of 
3/32 of on indL 

-f. There was obtained 149 parts of daloro- 
triflnoroethyiene for a yield of 35^ per cent 
and an efficiency of 604 per cent based on 
the ttidilocQtriflaoroethane. The pcodoction 
ratio was 249 grams of dilocotriflaosoeiihylene 
per litre of catalyst per ]un]r» 

60 ^ BUUFLE 5, 

A nuztnie of 1494 parts by weight of i : 
1:2- trichloro- 1:2:2 -trffloocoednne with 
hydrogen in a mol ratio of i to 0.7 was passed 
throtjgh a reactor which was a nidiEl tnbe of 

65 CSC inch, in^ iSameter^ filled widi carbon 



rings. A zone containing 150 miUilitres cf 
the carbon rings was maintained at a tem- 
perature of 520* C to 550* C and the feed 
rate adjusted to give a space vdocsty d about 
416 litres per litre of reactor space per luiur. 70 

There was obtained 288 parts of diloro- 
trifluQTOctfaylenc conapoodmg tn a yidd of 
31 per cent and an effideni^ <tf 66 per cent, 
based on the crichlorotxifiDoraeihane. The 
production xatio was ^70 grams of diloro- 75 
txifluoxocthylene per litre of reactor voimbe 
per hoar. 

HXAMPLB 6. 

iiz:2 - tdcfalmo - 1:2:2- tnfinc^oetiiane 
(1651 partt by wdgfat) was fed together widi 80 
hydrogen in a i to xxvd ratio over acti- 
vated carb<m <ioo mfDil'iTres) ?nqt?iinM in a 
direct-heated staioless sted tobe lunging an 
inside diameter of one Indi. Apcriodof foor 
houn was regtiired, doting w&di the cem- 85 
pcratnre was inainrsmfd at abont 500* C to 
530' C 

There was obtained 84 parts of cUorotxi- 
fluaroeth^ene. Hie unxei^ted tdddnrotii- 
fluoroethanc diat was ic j cc r vexul am D U ui e d to 00 
Z540 parts. Hie yield was 7 per cent and 
the efficiency based on the triddarQ^zifinoro- 
ediane was 40 per cent. The production ratio 
was 2xr grams per litre of catalyst per hoor. 

EUUFLB 7. 95 

1:1:2 - tridiloro - x;2:2 - tziflnotoediane 
(26x0 jputs by wtS0s£) and h^drcsen in a 
nud ratio of 2 to x, were passed through a 
reactor over a period of 4.5 boors. The 
reactor was a nidod tnbc seven feex kog andlOO 
one iodi inside diameter. The top prSeater 
secticfli xsi the tnbCa 24 inrl^g ji \ji Iff t ig thj was 
filled With nidcd pdlcte^^^ on "a pad 

of nidod lathe turnings. The remainder <rf the 
mbe ^^udi was entity cxxxpz for a njdcdL05 
thcrmooQi^e well was maiutaxoed at a 
temperature of 531" C tn 534* C by a 
heated salt bath. The feed rate was adjusted 
to give a space vdocity ci 252 lives per litre 
of reactor space per luur. HO 

There was obtamed 346 parts of dsloro- 
tnfluorocthylene aod 53 parts of tziftDoro- 
cthylene. The nnreacted tziddoiDtriflmto- 
ethane diat was r ec ov er oi amoodzd to 175X 
parts. These amoimts corrcspc n d to an 115 
efficiency to chlorotziflnoroediidene of 65 per 
cent, and an effidency triflocroethyleDe of 
14 per cent^ based on tziddtnotiifltKiro- 
ethane. 

What we^daim is: 120 
X. A process for Tnnlrrng chlorottxfluoro- 
ethylene whidi comprises Vu^^^n ^ a mixture 
of i:i:2-tricfaloro-x:2 : 2-tiifiuQroctbane and 
hydrogen to an devated rcactioa tenq^eratnre 
at whidi iiydrogen ddodde is formed^ but 12S 
bdow die decomposition tempcranirc of 
chlorotnStxiroedi^eneL 

X A process as daimed in dann x» in ^B^h 
the nmrturc of i:r:2-ttidkloro-x:2:2- 
tnffiiorocdiane and hydrogen is heated in die 180 
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{bscnoe of a catalyst at a 
jeo* c. and 650* G. _^ . 
3. Apnjcess as daimed in Obto I or 2, m 

5 triflnorodbane and hjdrogm CBBOte fem 
0.7S ID 3 innls of Iwtogm per n>nl of 1: J :2- 

"TAMOcesi as daimed m Oa^ 

10 fiuocoediaDe and hjdWBttB m &e 

pnaena ot a catalyst c«a8ring of owo^ 

panadiimi. ot a salt the reof aawattd carbon 



C and not 



at a tenperamrt of t least 37s ' 

in «my oic ofthe precsding 
process B9 datawl in any ooe of Cbims i ^ 

P. THOMPSON & CO., 
Chanered Punnt AgcDis. 



«- Ti-i„i_T fxir TTcr MojogtT'ft fflii^^**^ OBIee, hj the Omrior Pr«.— MOT. 
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